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(54) ESTIMATION DEVICE FOR BATTERY RESIDUAL CAPACITY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To precisely estimate a 
battery residual capacity (SOC) by eliminating the 
computing error of a battery open-circuit voltage. 
SOLUTION: A battery interterminal voltage V is 
measured in (1). The existence of a battery load is 
judged on the basis of the torque command of a load (a 
motor) in (2). An open-circuit voltage Vb=V at a time 
when the load is operated is found in (3). In (6), an open- . 
circuit voltage Va at a time when the battery load is *SgSH3E2E'* w b 
operated is found as Va=V-RI on the basis of the internal 
resistance R, the interterminal voltage V and the load 
current I of a battery. In (7), the voltage Va and the 
voltage Vb are weighted W, and a battery open- circuit 
voltage Vo=(1-W).Va+W.Vb is calculated. In (8), the 




tta«Ev«.= v-m 



J 




battery residual capacity SOC is calculated on the basis of the open-circuit voltage Vo so as 
to be estimated. When the residual capacity SOC is estimated, the open-circuit voltage Vb in 
a no-load state whose voltage accuracy is high is weighted with reference to the estimated 
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open-circuit voltage at a time when the load whose voltage accuracy is insufficient is 
operated, and the battery open-circuit voltage Vo is calculated. As a result, the estimation 
accuracy of the open-circuit voltage Vo is increased, and the estimation accuracy of the 
residual capacity SOC is enhanced. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dc-battery remaining capacity 
presumption equipment in the system which drives a motor by making dc-batteries 5 such 
as an electric vehicle and a hybrid electric vehicle, into an energy source which presumes 
the remaining capacity of a dc-battery. 
[0002] 

[Description of the Prior Art] Generally, the remaining capacity (SOC) of a dc-battery 
has close relation with the release electrical potential difference of a dc-battery, and it is 
possible to presume SOC from a release electrical potential difference. 
[0003] Although the release electrical potential difference of a dc-battery cannot carry out 
direct presumption at the time of a load, it can compute according to the electrical 
potential difference between dc-battery terminals, dc-battery internal resistance (fixed 
value), and the dc-battery load current (discharge current or charging current), and SOC 
can be presumed from this value. The operation flow of this SOC presumption is shown 
in drawing 5 . 

[0004] An example of equipment which presumes a release electrical potential difference 
from the electrical potential difference under energization and the presumed data of a 
current, and presumes SOC is shown in drawing 6 . This equipment presumes electrical- 
potential-difference Vj between dc-battery terminals ' in the first arithmetic circuit 14 
from the observation current data Ij which detected and carried out AID conversion of the 
load current of Dc-battery PB. The difference ej of the electrical-potential-difference data 
Vj between observation terminals which detected and carried out AID conversion of the 
battery voltage, and above-mentioned electrical -potential-difference Vj between presumed 
terminals ' is calculated in a comparator circuit 15. Making said difference ej feed back in 
order to make electrical-potential-difference Vjbetween presumed terminals ' 
approximate to the electrical potential difference between observation terminals in the 1st 
arithmetic circuit 14 based on said difference ej, modification and the operation of a 
function term of the 1st relational expression in the 1st arithmetic circuit 14 are repeated 
until it is set to ej=0. A part for a constant Cj is outputted as a presumed release electrical 
potential difference, and SOC is calculated in the second arithmetic circuit 21 based on a 
presumed release electrical potential difference. (JP,5-142314,A) 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, since the dc-battery internal 
resistance R changes serially in relation to the value of SOC, it is difficult the internal 



resistance to presume exact SOC. Moreover, in order to presume the load current 
(discharge current, charging current) from a dc-battery, it is necessary to attach current 
detection equipments, such as Hole CT, and becomes cost quantity. 
[0006] The place which it is made that the above-mentioned technical problem should be 
solved, and is made into that purpose has this invention in offering the dc-battery 
remaining capacity presumption equipment which gave weight to the presumed release 
electrical potential difference at the time of no-load running and load operation in quest 
of the dc-battery internal resistance based on the value of SOC last time, and raised 
precision and which enabled it to presume SOC correctly from open circuit voltage. 
[0007] 

[Means for Solving the Problem] It carries out that set this invention to the dc-battery 
remaining-capacity presumption equipment which presumes a dc-battery release 
electrical potential difference from the electrical potential difference between dc-battery 
terminals, the dc-battery load current, and dc-battery internal resistance, and presumes the 
remaining capacity of a dc-battery from this presumed dc-battery release electrical 
potential difference, and it gives and computes weight on the presumed release electrical 
potential difference at the time of load operation which deducted a part for dc-battery 
internal-resistance descent from the release electrical potential difference at the time of 
no-load running of a dc-battery and the terminal voltage at the time of load operation of a 
dc-battery as the description. [ electrical potential difference / said / presumed dc-battery 
release ] 

[0008] Said dc-battery internal resistance is good to presume from count using the 
electrical potential difference between dc-battery terminals and the dc-battery load 
current at the time before and after the short time which can be assumed that property 
map **** of dc-battery remaining capacity-internal resistance and this property map are 
used, and presumption or a dc-battery release electrical potential difference does not 
change with operations from the last value of dc-battery remaining capacity. 
[0009] Moreover, when a dc-battery load is an inverter motor, the overall-efficiency map 
of an inverter motor including a motor efficiency and inverter effectiveness is prepared, 
and said dc-battery load current is good to ask for a motor output from the engine speed 
of the inverter motor which is the load of a dc-battery at present, and a torque command, 
to ask for dc-battery output power with the effectiveness drawn from the overall- 
efficiency map of this motor output and said inverter motor, and to presume the dc- 
battery load current by count from this dc-battery output power and the electrical 
potential difference between dc-battery terminals. 
[0010] 

[Embodiment of the Invention] Gestalt 1 electric vehicle and the high Brit electric vehicle 
of operation usually have plentifully the case where the torque command of a motor is 
made into zero, at the time of transit. Since a dc-battery current serves as zero when a 
torque command is zero, a dc-battery release electrical potential difference becomes 
equal to terminal voltage, and can presume exact dc-battery remaining capacity (SOC). 
[001 1] The gestalt 1 of operation adds conditions in case a torque command value is zero 
to the count flow of SOC presumption conventionally shown in drawing 5 , as shown in 
drawing 1 , it performs weighting further, and presumes SOC. SOC presumption 
equipment consists of operation part which consists of the electrical potential difference 
which detects the electrical potential difference between dc-battery terminals, and the dc- 



battery load current, a current detector, the detected electrical potential difference and the 
A/D converter which changes a current signal into a digital signal, a CPU that carries out 
SOC presumption using this electrical potential difference and current data (illustration 
abbreviation). 

[0012] About drawing 1 , the data-processing procedure of SOC presumption in the 
above-mentioned SOC presumption equipment operation part is explained. 
[0013] First, it judges whether the torque command T of the motor which CPU measures 
the electrical potential difference V between dc-battery terminals through an A/D 
converter by step **, and is driven with a dc-battery by ** is zero. When this decision 
result is YES (T= 0), the electrical potential difference V between dc-battery terminals is 
substituted for the release electrical potential difference Vb by **. In NO (T!=0), the dc- 
battery internal resistance R (fixed value) and the dc-battery load current I are 
incorporated by ** and **, and it computes release electrical-potential-difference Va=V- 
Rlby**. 

[0014] ** Compute release electrical-potential-difference Vo= (1-W) and Va+W-Vb by 
making weighting the release electrical potential differences Va and Vb. It can set it as 
arbitration whether the release electrical potential difference Va at the time of load 
operation by count is thought as important by weight W attachment, or the release 
electrical potential difference Vb at the time of no-load running is thought as important. 
(At the time of W= 0: At Vo=Va, the time of W= 1 Vo=Vb) . And SOC is calculated 
from the release electrical potential difference Vo by **, and SOC is presumed. 
[0015] Since according to the gestalt 1 of the above-mentioned implementation 
conditions in case the torque command T is zero were added to the SOC presumption 
method of drawing 5 conventionally [ above-mentioned ], weighting was performed on 
the release electrical potential difference at the time of a load and no-load and SOC is 
presumed, the precision of SOC presumption improves. 

[0016] It turns out that the gestalt 2 dc-battery internal resistance R of operation is the 
function of the remaining capacity (SOC) of a dc-battery about each at the time of 
discharge and charge. 

[0017] the dc-battery internal resistance R of ** used for count of the release electrical 
potential difference Va of ** of above-mentioned drawing 1 as the gestalt 2 of operation 
is shown in drawing 2 (fixed value) ~ estimate - replacing with --**-- it carries out and 
SOC is presumed like the case of drawing 1 . 

[0018] The data-processing procedure of dc-battery internal resistance R presumption of 
the above-mentioned drawing 2 ** is explained about drawing 3 . The maps A and B of 
internal resistance R to SOC are beforehand prepared about each at the time of charge of 
a dc-battery, and discharge, and when the torque command in ** of drawing 2 is [ the 
decision result of being 0 ] NO, it judges whether the torque command T is larger than 
zero at step 41. When this decision result is YES (at the time of discharge), the dc-battery 
internal resistance R is presumed from a presumed SOC value last time on Map A by 42, 
and, in NO (at the time of charge), the dc-battery internal resistance R is presumed from a 
presumed SOC value last time on Map B by 43. 

[0019] Since the release electrical potential difference Va is calculated by having 
presumed the dc-battery internal resistance R according to the gestalt 2 of the above- 
mentioned implementation, it improves from the case where the presumed precision of 
SOC is above-mentioned drawing 1 . 



[0020] Although SOC is presumed by the count flow of SOC presumption of drawing 2 
like the gestalt 2 of operation with the gestalt 3 of gestalt 3 implementation of operation, 
presumption of the dc-battery internal resistance R of ** is presumed by count using the 
electrical potential difference V between terminals and the load current I of a dc-battery. 
[0021] The presumed approach of the dc-battery internal resistance concerning the gestalt 
3 of operation is explained. The relation of the release electrical potential difference Vo, 
the terminal voltage V 5 and internal resistance R of a dc-battery is shown in (1) type. 
[0022] Vo=V=RandI-(l) 

If it assumes that it is a short time and the electrical potential difference at the time of two 
different load conditions between this short time and current data will be detected here 
since the dc-battery release electrical potential difference Vo does not change and SOC 
does not change, either, (4) types will be materialized and it will become more possible 
than (5) types from (2) and (3) type to presume the dc-battery internal resistance R. 
[0023] 

Vo=Vl-R-Il - (2) 
Vo=V2-R-I2 ~ (3) 
(2) - (3) V1-V2=R- (11-12) - (4) 

Therefore, the internal resistance estimate R is R=(V1-V2)/(I1-I2). « (5) 
However, according to the gestalt 3 of the measured- value operation by the load current 
of a dc-battery in measured value II and 12, VI and V2 can presume dc-battery internal 
resistance R of ** in the count flow of drawing 2 easily by (5) types on the electrical 
potential difference between dc-battery terminals. 

[0024] The dc-battery load current I of ** in the operation flow of SOC presumption of 
gestalt 4 above-mentioned drawing 1 of operation (measured value) is detected in Hole 
CT etc. When a load is an inverter motor, instead of measuring the load current I of ** of 
drawing 1 , an electrical potential difference VDC (= battery voltage V) (measured 
value), the motor rotational frequency omega (measured value), and the torque command 
T are used for the gestalt 4 of operation, and it presumes the load current I by the 
operation. 

[0025] The data-processing procedure of the above-mentioned load current I presumption 
is explained about drawing 4 . The map C of the overall efficiency eta of the inverter 
motor which included the torque command T, the motor efficiency to the motor engine 
speed omega, and inverter effectiveness beforehand is prepared. 

[0026] When the torque command T of drawing 1 ** is NO, the decision result of being 
zero by 5 1 Direct current voltage VDC (measured value) Incorporate the motor engine 
speed omega (measured value) and the torque command T, and overall efficiency eta is 
searched for from the motor engine speed omega at present and a torque command using 
the overall-efficiency map C of an inverter motor by 52. It asks for dc-battery output 
P=omega T/eta from the motor engine speed omega at present by 53, motor output 
omegaT drawn from a torque command, and overall efficiency eta, and dc-battery load 
current I=P/VDC is computed from the dc-battery output P and direct current voltage 
VDC by 54. 

[0027] The motor rotational frequency is measured in the electric vehicle or the hybrid 
electric vehicle. Since the gestalt 4 of operation presumes the dc-battery load current 
using this motor engine speed, dc-battery load current detectors, such as Hole CT, 
become unnecessary, and it becomes advantageous in cost. In addition, this load current 



calculation approach is applicable also to ** of drawing 2 . 

[0028] In the equipment of the gestalt 3 of operation, without measuring the dc-battery 
load current I of count flow ** of drawing 2 (measured value), the gestalt 5 of gestalt 5 
implementation of operation presumes the dc-battery load current as well as the gestalt 4 
of operation, and presumes SOC. 

[0029] Namely, as the dc-battery internal resistance R of ** (measured value) is 
presumed by the above-mentioned (5) formula and is shown in drawing 4 in the operation 
flow of drawing 2 , the dc-battery load current I of ** (measured value) In quest of the 
overall efficiency eta of an inverter motor, it asks for dc-battery output P=omega T/eta 
from the overall-efficiency map C of an inverter motor including the torque command T, 
the motor efficiency to the motor engine speed omega, and inverter effectiveness. Dc- 
battery load current I=P/VDC is presumed from the dc-battery output P and direct current 
voltage V (measured value). Release electrical-potential-difference Vo= (1-W) and 
Va+W-Vb of ** are calculated from the dc-battery internal resistance R presumed to be 
dc-battery terminal voltage (measured value) and the dc-battery load current, and SOC is 
presumed by count from the release electrical potential difference Vo by **. 
[0030] According to the gestalt 5 of the above-mentioned implementation, since the dc- 
battery load current is presumed, Hole CT etc. is not needed, but as compared with the 
gestalt 3 of operation, it becomes advantageous in cost. 
[0031] 

[Effect of the Invention] Since this invention is constituted as above-mentioned, it does 
so the effectiveness indicated below. 

(1) Since computation of the release electrical potential difference at the time of no-load 
running with a high electrical-potential-difference precision is carried out by weighting to 
the presumed release electrical potential difference of the dc-battery at the time of load 
operation inadequate as an electrical-potential-difference precision, the operation 
precision of the release electrical potential difference of a dc-battery goes up, and the 
presumed precision of SOC improves. 

(2) Since the internal resistance of a dc-battery serves as a function of SOC about the 
time of discharge and charge, when the property map of SOC-dc-battery internal 
resistance is used and dc-battery internal resistance is presumed from the last value of 
SOC, SOC presumption precision improves. 

(3) When dc-battery internal resistance is presumed from the dc-battery terminal voltage 
from which it differs between the short time which can be assumed that a dc-battery 
release electrical potential difference does not change, and a current, dc-battery internal 
resistance can be presumed by the comparatively easy operation. 

(4) Since dc-battery current detectors, such as Hole CT, are not needed when the dc- 
battery load current is presumed, it becomes advantageous in cost. 



[Translation done.] 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The dc-battery remaining-capacity presumption equipment characterized by to 
set to the dc-battery remaining-capacity presumption equipment which presumes a dc- 
battery release electrical potential difference from the electrical potential difference 
between dc-battery terminals, the dc-battery load current, and dc-battery internal 
resistance, and presumes the remaining capacity of a dc-battery from this presumed dc- 
battery release electrical potential difference, and to give and compute weight on the 
presumed release electrical potential difference at the time of load operation which 
deducted a part for dc-battery internal-resistance descent from the release electrical 
potential difference at the time of no-load running of a dc-battery and the terminal 
voltage at the time of load operation of a dc-battery. [ electrical potential difference / said 
/ presumed dc-battery release ] 

[Claim 2] Dc-battery remaining capacity presumption equipment characterized by 
preparing a dc-battery remaining capacity-internal resistance property map, using said dc- 
battery internal resistance and presuming the property map of dc-battery remaining 
capacity-internal resistance for it in data processing from the last value of dc-battery 
remaining capacity in claim 1 . 

[Claim 3] Dc-battery remaining capacity presumption equipment characterized by what is 
presumed in data processing from the different electrical potential difference between dc- 
battery terminals and the different dc-battery load current between the short time which 
can assume said dc-battery internal resistance that a dc-battery release electrical potential 
difference does not change in claim 1 . 

[Claim 4] The dc-battery remaining-capacity presumption equipment characterized by to 
prepare the overall-efficiency map of an inverter motor including a motor efficiency and 
inverter effectiveness when a dc-battery load is an inverter motor in claim 1 or 3, to ask 
for a motor output from the engine speed of the inverter motor which is the load of a dc- 
battery about said dc-battery load current at present, and a torque command, to ask for 
dc-battery output power with the effectiveness drawn from the overall-efficiency map of 
this motor output and said inverter motor, and to compute the dc-battery load current 
from this dc-battery output power and the electrical potential difference between dc- 
battery terminals. 
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